INTRODUCTION
The gastrointestinal tract is protected by the glycocalyx/mucous layer. The expression of surface carbohydrates is controlled through the activation of various glycosyltransferases, but the glycoconjugate composition can be primed early by variations of microorganisms and dietary components present in the lumen (El Aidy et al., 2015) . Conversely, terminal glycan epitopes facing the gastrointestinal lumen can act as a growthregulating factor of the gut microbiota (Staubach et al., 2012) . In pigs, early changes in the gut microbiota composition, as induced by an antibiotic treatment of the sow during late gestation and lactation, affected gut physiological parameters (Arnal et al., 2014 ). An early encounter with a complex microbiota was required to moderate the activation of pathways related to inflammatory development in the gastric mucosa of pigs of 2 wk of age.
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Immunodominant structures of A (GalNAc α 1-3 (Fuc α 1-2) galactose) antigens characterize the porcine A0 blood group system, coded by mutations within the transferase A (α 1-3-N-acetylgalactosaminyltransferase [A3GALNT]) gene. The A-genotyped pigs express a glycosyltransferase activity that converts the H-2 antigen (Coddens et al., 2007) to the A antigen, whereas 0 pigs lack such activity. Contrary to humans, presenting the AB0 blood group, pigs do not present the B antigen.
The development of colibacillosis in postweaning pigs associated to enterotoxigenic Escherichia coli K88 (ETEC) fimbriae (F4) depends on the adhesion of the F4 possessed by ETEC to the intestinal villi, to deliver various toxins to the host jejunal mucosa triggering a complex inflammatory cascade (Loos et al., 2012) . The F4 are also immune-specific stimulants.
The aim of the present study was to evaluate the effects of association with a different microbiota at young weaning age and the effect of blood group genotype on glycomic patterns in pigs' small intestinal tissue exposed to beneficial or pathogenic strains.
MATERIALS AND METHODS
The protocol of the study was approved by the Committee on the Ethics of Animal Experiments of Wageningen University and Research Centre in Lelystad, The Netherlands (permission number 2012083.e).
Twelve piglets from sows ([Great York × Pietrain] × "Dalland" cross) were obtained by caesarean delivery (Day 0) and were divided over 2 microbiota association treatments, housed in separate clean, nonsterile rooms, and balanced for BW and litter of origin. Piglets were housed in 2 pens per room provided with an automatic feeding system for supply of a moist diet. At 1 and 5 h after birth, each caesarean-delivery piglet received 45 mL pasteurized (30 min at 60°C) sow colostrum by oral gavage (Godden et al., 2006; Elizondo-Salazar and Heinrichs, 2009) . All piglets received a simplified starter microbiota consisting of Lactobacillus amylovorus (LAM; 3.6 × 10 7 cfu), Clostridium glycolicum (5.7 × 10 7 cfu), and Parabacteroides spp. (4.8 × 10 7 cfu) by oral inoculation (2 mL) on Days 1, 2, and 3 after birth. These bacteria are, among the phylogenetic groups, the most frequently identified in the intestine of piglets and were proposed by Laycock et al. (2012) as intestinal colonization microbiota for gnotobiotic pigs. On Days 3 and 4 of age, the piglets received either a complex microbiota by providing them with 2 mL of an inoculant consisting of 10% saline diluted feces of an adult sow (complex association [CA] ) or a placebo inoculant (10% saline; simple association [SA] ). Average birth weight was 1,273 ± 138 g and 1,275 ± 153 g for CA and SA piglets, respectively. Piglets were fed, ad libitum, a milk replacer diet during a period of 5 d (Days 0-4). It consisted of bovine skimmed milk powder, whey powder, vegetable oil, hydrolyzed wheat protein, wheat starch, sucrose, and a vitamin and mineral premix and contained 230 g CP per kilogram milk replacer. A moist diet based on whey powder, maize, wheat, toasted full-fat soybeans, oat flakes, sucrose, soybean meal, vegetable oil, coconut oil, wheat gluten, potato protein, rice protein, and brewer's yeast was fed during the remainder of the study.
On Days 26 through 37 of age, intestinal tissue samples were obtained from intestinal loops prepared for applying the in situ small intestinal segment perfusion (SISP) technique, as described by Nabuurs et al. (1993) and Kiers et al. (2006) . Pig age was in a broad range, because the priority was given to using littermate pigs and the SISP technique complexity did not allow testing more pigs per day. In brief, the abdomen was opened along the linea alba and 4 small intestinal segments of 20 cm in length each were made in the mid jejunum, starting at a distance of 200 cm distal to the ligament of Treitz. These segments retained their vascularization and were cannulated with a tube at the proximal and distal ends to perfuse and collect fluid, respectively.
Four different isolated jejunal loops per pig were perfused with 8 mL fluid/h for 8 h (saline with 0.1% glucose and 0.1% mixture of free AA). In each loop, the introduced perfusion fluids contained ETEC as pathogenic strain (F4, O149 LT+ STa+ STb+ strain, 5.5 × 10 9 cfu), F4 (0.5 mg), or LAM (8.1 × 108 cfu) or a saline control (CTRL). At the end of the perfusion study, a sample of jejunal tissue per loop was collected and snap-frozen in liquid nitrogen for further molecular analysis.
The F4 were purified from the same ETEC strain with the procedure reported by Van den Broeck et al. (1999) . The dose of F4 was the same as used in an intestinal perfusion study of Danabassis (2006) . The quantity of F4 supplied with the perfusion fluid is equivalent to about 30 times the amount of F4 present on the ETEC introduced in ETEC-inoculated loops, considering a concentration of 1.7 mg F4 per 1012 bacteria (Van den Broeck et al., 1999) .
The blood of piglets was genotyped for A0 blood groups, following the procedure of Nguyen et al. (2011) . All the pigs were also tested for the M307 gene polymorphism of fucosyltransferase 1 (FUT1) because it is the first limiting enzyme for the formation of the A blood antigen (Coddens et al., 2007) .
Immunohistochemistry
An intestinal tissue sample from each segment was excised, washed with PBS, and pinned on balsa wood at both ends to preserve tissue morphology. All samples were immediately fixed in 4% buffered formalin for 48 h and embedded in paraffin for longer storage. Tissue transversal sections of 8-μm thickness were obtained by microtome cutting and mounted on microscope poly-llysine coated slides (Sigma-Aldrich, Milan, Italy).
For the lectin binding analysis, we used the various lectins at a concentration of 10 μg/mL as used in other studies on pig intestinal tissue (Chae, 1997; George et al., 2007) providing a good staining intensity on control pig tissues.
The sections were dewaxed, rehydrated, heated in citrate buffer pH6 for 10 min at 700 W in microwave for antigen retrieval, and blocked in Carbo-Free Blocking Solution (catalog number SP-5040; Vector Laboratories, Inc., Burlingame, CA) for 1 h at room temperature. All sections were incubated for 1 h at room temperature using the following lectin-biotin conjugates (Vector Laboratories, Inc.) diluted in lectin buffer (Rhodes and Milton, 1998) : concavalin A (ConA; catalog number B-1005), peanut agglutinin (PNA; catalog number B-1075), Ulex europaeus agglutinin I (UEA; catalog number B-1065), soybean agglutinin (SBA), wheat germ agglutinin (WGA; catalog number B-1015), and Maackia amurensis lectin II (MALii; catalog number B-1265). Lectins represented the following sugar specificity: PNA, which is galactose specific; UEA, which is fucose specific; MALii, which is α (2,3)-linked sialic acid specific; ConA, which is mannose specific; SBA, which is N-acetyl-galactosamine specific; and WGA, which is N-acetyl-glucosamine specific.
After 3 washes in lectin buffer, the sections were incubated with Texas Red Streptavidin (catalog number SA-5006; Vector Laboratories, Inc.), 5 μg/mL in lectin buffer, for 30 min at room temperature. The slides were finally mounted via VECTASHIELD Mounting Medium with DAPI (Vector Laboratories, Inc.) for microscope visualization. No specific staining was assessed by omitting the lectin incubation step.
Sections were examined using a Zeiss Axioplan microscope (Carl Zeiss, Arese, Italy) and the images were recorded with a Polaroid DMC digital photocamera (Polaroid, Cambridge, MA) and Axiovision soft-
To analyze a comparable area among the samples, all the reaction timings were strictly followed and all images were acquired with the same camera exposure setting under 5x objective. The analysis was performed using ImageJ software (NIH, Bethesda,MD) and only the correct transverse section of mucosal area was manually selected as the region of interest with a minimum of 5 mm 2 total area for each sample. The lectin staining was counted in an automated procedure applying the same threshold to avoid the background effect and it was calculated as the density of positive fluorescence (pixels) per each square millimeter of the selected area to avoid subjective and external factors affecting the data result.
Morphometric Analysis
Paraffin sections of intestine tissue were processed and stained with hematoxylin and eosin for morphometric evaluation. Twenty villi and 20 crypts were measured for each sample and only transverse sections (cross sections) were considered. The sections were examined under a light microscope through a 10x objective and morphometric analysis was performed using Axiovision software (Carl Zeiss). The small intestine morphometry was evaluated considering the length and the width of both villi and crypts and the absorptive surface was calculated as described in Kisielinski et al. (2002) .
Statistics
Statistical analysis of data was performed using the MIXED procedure of SAS (version 9.3; SAS Inst. Inc., Cary, NC). The effects of early oral microbiota association and of A0 blood groups (against an error calculated between pigs), of intestinal loop inoculation (error within pigs), and the first level interaction terms between early microbiota association, A0 blood groups, and loop treatment were tested. For the effect of loop inoculation, treatments were contrasted against control infusion. Results are presented as least squares means and pooled SEM. Least squares means comparisons for each interaction were made only when a tendency (P ≤ 0.10) for an interaction between these terms was observed. Effects were considered significant at p < 0.05 and as a trend at p ≤ 0.10.
RESULTS
All the pigs presented the ETEC F4 susceptible phenotype, as evidenced by a significantly lower net fluid absorption in ETEC-infused versus CTRL-infused segments (data not shown). Five and 7 pigs presented the 00 and A0 genotype for the A0 blood group, respectively. No AA genotype was detected, in agreement with results of a previous study (Nguyen et al., 2011) . All the pigs were homozygous for the G allele on base pair 307 of the FUT1 gene. Therefore, for our pigs, the FUT1 gene was not limiting the differential expression of the A0 blood group genotypes (Coddens et al., 2007) . The staining binding profiles for a subject per each of the 2 A0 blood group genotypes (00 or A0) and for CTRL or ETEC perfusion of intestinal loop (CTRL vs. ETEC) are presented in Fig. 1 Fig. 1U through 1X, SBA). Variations were seen in the localization of the staining depending on the type of lectin used and on the experimental factors. Depending on the staining, different tissue regions were optically identified and evaluated as follows: 1) crypt and villus epithelial surface in the microvilli border brush, 2) goblets cells and mucins content, and 3) lamina propria in the connective tissue of the inner region of the villous. Peanut agglutinin lectins bound diffusely to epithelial surface and goblet cells in the tissue obtained from pigs of A0 genotype, whereas they bound mostly to goblet cells in the 00 genotype. More diffused staining was evidenced in ETEC-inoculated loops (Fig. 1A through 1D) . Ulex europaeus agglutinin I binding had a staining pattern similar to PNA but with a reverse profile. In fact, more staining was evident in the epithelial surface and goblet cells of 00 pigs, whereas less staining was visualized in A0 pigs and in ETEC-inoculated loops ( Fig. 1E through  1H) . Maackia amurensis lectin II lectins bound to the epithelial surface, to few goblet cells, and to the lamina propria, but this was more visible in pigs of the 00 genotype than in A0 pigs ( Fig. 1I through 1L ). For ConA, the staining was, in general, detected on the epithelial surface and lamina propria of the villus, regardless of the blood group genotype and of the type of intestinal loop perfusion (Fig. 1M through 1P ), whereas WGA lectins bound to goblets cells and to epithelial surface but less in ETEC-inoculated loops (Fig. 1Q through 1T ). For SBA, mostly the epithelial surface was stained (Fig. 1U  through 1X ) and the subjects that were early associated with simplified microbiota showed more staining for SBA compared with CA subjects (not in figure) .
The effect of the early association to simple or complex microflora to piglets differing for A0 blood group genotype and for the intestinal loop treatment is presented in Table 1 as density of relative positive pixels stained for each different glycosylation, together with the morphometry measures on the mucosa. A0 pigs had fewer UEA-positive cells and MALii-positive cells (P < 0.001) and more PNA-positive cells than 00 pigs (P < 005) and tended to have more SBA-positive cells (P < 0.10) than 00 pigs. Simple association pigs had more SBA -positive cells (P < 0.01) than CA pigs. Enterotoxigenic E. coli K88-perfused intestinal loops had fewer UEA-positive cells (P < 0.01) and WGApositive cells (P < 0.001) cells and more PNA -positive cells (only in SA pigs, P < 0.01; interaction loop treatment × early microflora association, P < 0.05; Fig. 2 ) compared with CTRL loops. No effects of F4 and LAM were seen on the staining of any of the different lectins.
Enterotoxigenic E. coli K88-perfused intestinal loops had shorter and wider villi (p < 0.001), whereas F4-and LAM-perfused loops had longer villi compared with the CTRL loops. A trend of reduction of villus length was seen in 00 pigs compared with A0 pigs (P < 0.10), whereas no difference was seen for crypt depth.
DISCUSSION
Glycosylation is a posttranscriptional modification involving several organic constituents and secretion products of the cells and mainly affects the characteristics of the membrane surface and secreted proteins. Membrane glycosylation plays a pivotal role in recognizing microbial organisms and organic substances. Association between the AB0 blood group and the human intestinal microbiota composition was also reported (Mäkivuokko et al., 2012 ). Here we visualized that different sugar motifs can be rapidly changed in the jejunal tissue after the exposure to different microbial species or microbiological antigen and can differ in subjects differing for their A0 blood genotype.
Fucose
Fucose is typically a carbon substrate that is appreciated by several gut microbes (Hooper et al., 1999; Goto et al., 2014 ) that, in turn, may stimulate fucosyltransferase to increase fucose presence in enterocytes and goblet cells and thus create microbial growth opportunities, particularly on limited nutrient availability. This is also evidenced by the rises in fucosylaton in the intestine seen after association of germ-free animals to single bacteria or complex microbiota (Bry et al., 1996) and with weaning (Biol-N'garagba and Louisot, 2003) . Here the fucose-specific UEA lectin bound to the epithelial villous surface and to goblet cells but to a lesser extent in ETEC-perfused jejunal loops (Fig. 1E through  1H) . Nonpathogenic E. coli required mice with active fucose metabolism to colonize (Chang et al., 2004) . It could be hypothesized that a constituent of ETEC affected fucosylation in the jejunum, but no results are available in pigs. In mice, lipopolysaccharide stimulation induced the release of inflammatory cytokines by dendritic cells and local innate lympohoid cells, resulting in more fucosyltransferase 2 activity and more fucose on small intestinal enterocytes (Pickard et al., 2014) . A similar effect was not observed in our trial using exposure to an inoculum with a live pathogen, whereas, conversely, the first study used a systemic lipopolysaccharide injection in a mice model. The lack of effect with the LAM inoculation may indicate that LAM does not possess an analog fucosyltransferase activity, differently from what has been observed for other commensal bacteria in mice (Goto et al., 2014) .
As expected, fucose glycosylation of the intestinal mucosa is mostly affected by genotype, compared with other sugars, given by the strict relationship between the expression of blood group and the activity of fucosyltransferases (Meijerink et al., 1997; Smith et al., 2006) . The sharp decrease of UEA -positive percentage associated with genotype A0 may also indicate that in pigs expressing the functional form of A3GALNT (genotype A0), this enzyme catalyzes the transfer of N-acetylgalactosamine to fucose residues and thus masks the presence of this sugar. Interestingly, the reduction was particularly evident in the epithelial surface (Fig. 1E and 1F vs. Fig. 1G and Figure 1 . Stainings for each lectin in jejunal loops of piglets differing for A0 blood group genotype ("A0" or "00") infused for 8 h with a saline control (Ctrl) or enterotoxigenic Escherichia coli K88 (ETEC). A through D) peanut agglutinin (PNA), which is galactose specific; E through H) Ulex europaeus agglutinin I (UEA), which is fucose specific; I through L; Maackia amurensis lectin II (MALii), which is α(2,3)-linked sialic acids specific; M through P) concavalin A (ConA), which is mannose specific; Q through T) wheat germ agglutinin (WGA), which is N-acetyl-glucosamine specific; and U through X) soybean agglutinin (SBA), which is N-acetyl-galactosamine specific. In general, 3 different regions in the tissue staining are recognized: epithelial surface, goblet cells, and the inner lamina propria. The tissue pattern distribution and the amount of staining change with the type of lectin used and the experimental factors considered. 1H) and this impairs the metabolism and the development of fucose-utilizing bacteria. The effect of A0 genotype on fucose glycosylation is also confirmed by the differential effect of the 2 pig genotypes on A3GALNT gene expression in the same experiment (Bosi et al., unpublished data). Previous studies support the role of α (1,2) fucosyl transferase in ETEC F18 adhesion, particularly for FUT1 (Meijerink et al., 2000; Snoeck et al., 2004) . Even if the constitutive nature of the porcine receptor for E. coli F18 has not yet been identified, the FUT1 gene on chromosome 6 has been proposed as a candidate (Bao et al., 2012) . All the subjects were tested for the M307 polymorphism of FUT1 and resulted homozygous for the positive variant. These data suggest that no interference of FUT1 variability on the fucosylation of jejununal mucosa was expected in our experiment.
Galactose
The PNA, the galactose-specific lectin, bound to the epithelial villous surface and the globlet cells (Fig.  1A through 1D) showing a pattern similar to UEA staining. Some commensal bacteria (Bacteroides thetaiotaomicron and Lactobacillus casei) are able to stimulate galactosylation process, most probably by some heat labile soluble factors (Freitas et al., 2001; Varyukhina et al., 2012) . However, no effect on the quantification of PNA staining was seen after the intestinal association with LAM, confirming that other lactobacilli (such as Lactobacillus acidophilus; Varyukhina et al., 2012) do not show this ability. Furthermore, it must be considered that in Freitas et al. (2001) and Varyukhina et al. (2012) , based on HT29-MTX mucus-producing cells in culture, the contact with stimulating factors was for a period of at least 10 d before the assessments, whereas in the present study, the contact with the inoculated bacteria was only 8 h. Studies specifically dedicated to assess the effect of time of contact are lacking.
Conversely, ETEC increased the galactosylation in the jejunal mucosa. Galactose has been determined to be an essential component in the F4ac recognition of intestinal mucin-type sialoglycoproteins (Grange et al., 1998) . We do not know if ETEC can favor its adhesion to the host cell by the induction of fimbriae-associated galactose, because no specific evidence of that is currently 1 ETEC = enterotoxigenic Escherichia coli K88; LAM = Lactobacillus amylovorus; F4 = ETEC fimbriae; CTRL = saline control. 2 PNA = peanut agglutinin (galactose specific); UEA = Ulex europaeus agglutinin I (fucose specific); MALii = Maackia amurensis lectin II (α(2,3)-linked sialic acids specific); ConA = concavalin A (mannose specific); SBA = soybean agglutinin (N-acetyl-galactosamine specific); WGA = wheat germ agglutinin (N-acetyl-glucosamine specific).
3 Interaction loop treatment × early microflora association, P < 0.05; detailed in Fig. 2 Figure 2. Interaction of the early association of simple association (SA) or complex association (CA) microflora to piglets with the intestinal loop treatment at 6 wk of age on the relative numbers of positive pixels staining for peanut agglutinin lectin, galactose specific. ETEC = enterotoxigenic Escherichia coli K88; LAM = Lactobacillus amylovorus; F4 = ETEC fimbriae; CTRL = saline control. Within each type of early association, for loop treatment, statistical significance is against the CTRL treatment. **P < 0.01. Bars represent SE.
available. Nevertheless, this hypothesis regarding the pathogenic action of ETEC cannot be excluded, considering the ability of other bacterial species to induce galactosylation. The observation that the genotype for A0 changes the degree of galactosylation may also be associated to variations in the gut mucosal associated microbiota. In an earlier experiment, caesarean-derived piglets that were orally dosed with an inoculant consisting of sow's diluted feces in the first days after birth had a more complex intestinal and fecal microbiota for the first 4 wk of life, compared with those receiving only a limited pool of bacteria ("simple association") similar to the one used in the present study (Jansman et al., 2012) . The effect of microbiota association treatment (simple or complex) on the jejunal microbiota community has been confirmed in other contemporary piglets obtained from the same batch of pigs as used in the present study but sampled at 22 d of age (A.J.M. Jansman et al., personal communication) . Galactosylation should be considered as a potential factor able to affect the susceptibility to intestinal diseases. Here, an effect of the blood group genotype was detected in pigs that were associated early with a simplified microbiota.
Moreover, pigs of the A0 genotype had more staining for PNA in the epithelial and goblet cells than pigs of the 00 genotype, independent of the intestinal loop or perfusion treatment. This may indicate that the presence of A3GALNT allows the synthesis of more complex sugar chains containing galactose. We cannot exclude that other genetic diversity related to galactosylation could be also connected to this effect of the A0 genotype, because the knowledge on genetic variation of glycosylation in pig is still very limited. Nevertheless, gnotobiotic pigs differing for the A/H histo-blood group antigen expression have been proposed as a model for the study of the binding patterns of human norovirus-like particles to buccal and intestinal tissues (Cheetham et al., 2007) .
Sialic Acid
Sialic acids have multiple roles in immunity and one of the most relevant is to function as host ligand for microorganisms such as viruses and bacteria and for several important toxins (Varki and Gagneux, 2012; Lehmann et al., 2006) . Among the lectins used in the present study, MALii abundantly bound the connective tissue present in the lamina propria of the intestinal mucosa. This result is in accordance with others findings in pigs and other species but the biological meaning remains uncertain (Trebbien et al., 2011; Ning et al., 2012) . The various loop infusions did not change the quantity of α2,3-linked sialic acids. These sugars were conversely increased in the pigs of the 00 genotype compared with those of the A0 genotype. Sialic acids are usually terminal sugars connected via α2,3 or α2,6 glycosidic linkages to galactose or N-acetylgalactosamine (Nie et al., 2012) . We did not evaluate the binding of a lectin specific for α2,6-linked sialic acids. The reduced quantity of α2,3-linked sialic acids in A0 pigs may be related to reduced sialylation activity that, in turn, can partially explain the increased amount of galactose and N-acetylgalactosamine detected in these pigs compared with 00 pigs.
In rats and mice inoculated with a human (Sharma and Schumacher, 1995) or a mice microflora (Freitas et al., 2002) , respectively, sialic acid residues in intestinal tissue were decreased compared with paired germ-free animals. In pigs, the presence of sialic acids in the intestinal mucosa is, in general, reduced after 2 wk of age (Malykh et al., 2003) ; therefore, in some way, the genotype 00 can be considered less mature in this respect. An increased availability of sialic acids in the intestinal tract may also stimulate the growth of some mucin-degrading bacteria. A full description of enzymatic pattern of bacteria adhering to mucus is not available; however, growing Bacteroides fragilis in the presence of mucin O-glycans, instead of glucose, upregulated the genes involved in sialic acid uptake, degradation, and metabolism (Marcobal et al., 2011) .
Mannose
An abundant homogeneous distribution of positive cells for ConA was seen, with no effect of nature of the loop perfusion, early microbial association, or genotype of the piglet. This is in conflict with findings in a lectin-binding study in pigs (George et al., 2007) . The latter experiment, however, considered different factors and tissues and was based on an optical and subjective evaluation of lectin binding. This relatively conserved presence may also explain the scarcity of studies about the regulation of mannosyltransferases in the small intestinal mucosa.
N-acetylgalactosamine
For SBA, a trend of genotype effect was seen, even if a larger effect was expected, when considering that the effect of A3GALNT is involved in the serotype formation and, therefore, that more staining for N-acetylgalactosamine should have been found in loops obtained from A0 pigs. Early research, however, already indicated that the AB0 blood group of the human host may be associated with the presence of fecal bacterial enzymes specific for each AB0 blood group antigen (Hoskins, 1969; Hoskins et al., 1985) . Bacterial degradation of N-acetylgalactosamine was not measured, but it could have partially masked the effect of A3GALNT. An indirect confirmation is given by the observation that the more robust priming given by a complex microbiota a few weeks later determined a reduction in SBA positivity in the intestinal mucosa, presumably related to changes in the intestinal microbiota (A.J.M. Jansman, personal communication), or in the activity of some N-acetylgalactosaminyltransferases.
N-acetylglucosamine
The reduction of staining intensity for WGA, observed with loop perfusion with ETEC, compared with the other perfusions, may be related to the significant reduction of the gene expression of glucosaminyl (N-acetyl) transferase 4 (GCNT4), catalyzing Core 2 mucin-type biosynthesis, observed in the same samples, compared with CTRL samples (Bosi et al., unpublished data) . Interestingly, an effect of ETEC on a N-acetyglucosamine transferase activity was also predicted in another experiment using the SISP method, via the observed induction of the transcription for GCNT3, the gene for a similar transcriptase involved in the formation of Core 2 and 4 mucin types (Niewold et al., 2010) . Unfortunately, we were not able to find other results on the effects of ETEC on N-acetyglucosamine transferase activity. About the effects of other pathogenic bacteria, an infection with Clostridium difficile increased N-acetylglucosamine and terminal galactose residues in intestinal mucus of humans and decreased N-acetylgalactosamine (Engevik et al., 2015) . This created more favorable conditions in the mucus for further binding by C. difficile.
Perfusion of intestinal loops with F4 did not change the jejunal glycomic pattern, indicating that F4 do not induce a detectable response at the level of glycosylation of the small intestinal mucosa. It could mean that the impact of ETEC toxins is more important in this respect. This does not preclude the fact that in other parts of the intestine, the action of the isolated F4 is more effective. In fact, the major porcine inductive sites of the F4-specific immune response following intestinal immunization are the ileum Peyer's patches (Snoeck et al., 2006) .
Concerning the morphometry of the jejunal mucosa, it is generally considered that an increase of villous dimension is an index of improved functionality and gut health. This is in agreement with a reduction of villus height 8 h after ETEC challenge and an increase in villus dimensions after loop inoculation with LAB. This short-term effect of the intestinal tissue to exposure with ETEC is in agreement with other data on changes in intestinal tissue morphology after ETEC infection (Nabuurs, 1998) . Furthermore, the possible onset of ETEC-induced apoptosis within 8 h of ETEC infusion can be considered. In cultured porcine cells (intestinal porcine epithelial cell line 1 [IPEC-1]), the incubation for 3 h with ETEC induced autophagy through a pathway involving the mammalian target of rapamycin (Tang et al., 2014) . Conversely, to our knowledge, the increase of villus width has not been observed before. This, however, may be related to the fact that samples were taken only after 8 h after challenge with ETEC. It is possible that the enlargement of villi was generated by the engulfment of inflammatory cells and the process of inflammation induced by ETEC. The higher villous length and the nonsignificant effects on glycosylation pattern of the mucosa after F4 exposure indicate the nonpathogen nature of F4 and agree with the observation that mucosal immunization with purified fimbriae does not protect against ETEC infection . Interestingly, the tendency of increased villus height in pigs of the A0 genotype compared with the 00 pigs was concordant with the reduction of the fucose and sialic acid glycosylation. The decrease of these 2 glycans could give less specific and important contacts for pathogen adhesion and/or metabolism and imply different adaptation of gut microbiota to distinct glycomic pattern inside the gastrointestinal tract. In fact, the alteration of mucus glycoside composition induced by host genetic differences of glycosiltransferases may change the formation of the gut microbiota and, in turn, affect the maturation of the gut and the architecture of the small intestine (Sommer et al., 2014) .
In conclusion, the porcine A0 blood group genotype and the luminal presence of ETEC strongly affected the jejunal mucosa glycomic pattern profile, whereas an early simple or complex microbiota association had limited effects.
This evidences the importance of individual genetic make up for the glycocalyx composition and the potential implications for microbial colonization. Pigs differing for A0 blood group genotype may be used for studies aimed at understanding the mechanistic relationship between intestinal microbiota and gut physiology of the host.
The introduction of F4 or LAM in perfusion fluid of the jejunum does not affect glycan profile of the mucosa.
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